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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress Barkhausen noises regardless 
of the intensity of magnetic domain control layers and to obtain high 
reproduction output even if an inter- electrode spacing is narrow. 
SOLUTION: This head is formed by constituting a magneto-resistance 
effect film 10 of a laminated composed a first ferromagnetic ftlm 8, a 
nomnagnetic conductive film 20 and second ferromagnetic films 22, 24, 
laminating the second ferromagnetic film 24 on an antiferroelectric film 
16 and arranging the magnetic domain control layers 12 on both sides in 
the transverse direction of the magneto-resistance effect film 10. The 
head has a pair of electrodes 14 on the respective magnetic domain 
control layers 12. The head has the structure to pass currents only to 
the central part of the magneto-resistance effect film 10 by making the 
inter-electrode spacing of the respective electrodes 4 narrower than 
the width of the magneto-resistance effect film 10. 
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(2) 
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a*ie^i^wj(c»^LTiEiisnfcaiH:*j»ji^, be 
&%3R<omm\^mfe\^xwm£fttzMmuwmt. be 

Jx;fc-#o*ffiiS:fli;t* fltlE»*«:«:3a*JBt«i, «« 

^>PJltc:}*ASixfc*-<o^BitW(WBIi:, iUiSI-^ft 
<^5S«t£Kli. fl9Em-^5a«ttlRa?±(cfl|JB$ixT*5 

flftE-»o>aa^— a^*n^natrE^H<7?»Bffi»<75 



$^ffl»^J«35S|BJB$ixfc«««^:jai*ffl(i:, BMJSft 

Ea«E*^5><^«^ic J: 9K-ft^r^j55^k:i--5*Jixli 

E»-(75^«ttlR/is^(7?^t^[fi]S:@ft-r5R5SattlB 
StlE-^^m^litflEBmS^m^O^'L^Bic^^m 

a*K^W«yjwSSSLTEa$ixfc«E*Jffli«i:. BE 
nfc-»o««fcSr«^. JWE«Sl«triJ»*lKW:. 

&-<n&mm£t<DK\zn7<£titz}m&mftmk* m 

Un~<D 3&«t£)R_h K ^ ^ Hk* |6i & ® ft-T 5 S 3S«tt 

me— ^<7?sffittafjEB«ffi^a*w^*^«c^^m 

[IS*«6] ««E«a»<Z)h7y^«(w*tiCUfc*# 
a*Bt^PiWlc|»»LTE«SixfcBESJWJi<!:. f£B 
Shfc-»wfl«iS:ix. t WE««'«Sia*Ktt. B 

WE^-^SSaffiBtt^HcoailBffiB! 
t^W«cHfASJxfcjB-w*?Ktt*t(:«(i:, ffJEJfl-<7> 

i4WteSS-co5S«ttW<7>±{za[JS $ tvcis 9 . SUE® ~ 
fcU<fi*^«^|Ri:«rW-r5K««giS&»S— y K"C 

WE-»o)«aiimE«*«tta*tt^*^a«c<o*« 



(3) 



#B8¥9 - 2 8 2 6 18 



mitfift # m 3£ $ in tc mm x laassji <om~^ ssb^jr 

$mm<Dmm^m&LTimzft,tzmKmmm t , be 
<o&m\^t<DKizft7<£inftttmtemftmk* wimn 

%&m))^mcD^£ r> t>%:<Mf&£}xxi^zt$:w& 
^m<omm\zm i &\^x%iw.£]rLtim\Kmmmt. be 

<omizft7<$inizm-<D#m&m»mb, iWEjfi-<o» 
we*— <z)tt«tt«^>±^aji$nT*5 

9. *JE»ZlJ3j;o { » = ^Si«tt«[W«'ft*lSlS:H^1- 
5K&BteJ^t>L< tt^AB^jgit^WU WlE»— , 



we— af^^ns^— nt>^fi^timzmE-(Dfemtfim<D 

±icfflJl$ix, fltrE^SScoKPS^SfjEK^Igtniaaa 
<E>+BJ: 9 t>#K ^$ixT^5C i: T5«SUg 

[»:#*BlO] «*E»fflE«W h7y^i:^Uc^ 

HI ^ $ n i: $r ^ . SftE«"« 

E^— <73a«tt«t»Zl<^^«ttlK<kcoP B 1(-*f A^nfc 
#Bt£i»#:jR<t, mE»-^5S«ttJKo«-(k*r6]S:@^: 

T, 

SfJE— »<^«ffi<75— SMS^n^tifltlEB«ffitn:a*Ja± 
i~S/l£*x, StfE^®^^P B ^Pl^tfjEB^:ig6 : Lam^ 

l 1 ] ««E»«E*tf> Lfc* 

*s^««<o«^a(«$nfcB«ffiBta*B!t, b^s 

i^ra^}»ASnfc*«ft**JHti:. StJE^-co^B^ 

fflE— »coSa^-a^*^ttmEB««taja*JR± 
i-WJB$4x. H»JE#a<S^P B 1BB^WTEB«}g6tigi«J»<o 

2] &«E»Kft<0 h7y^Blc»Ctfc* 

fo&mm<offim\zm&LXMm$intz&^m&frtbtt:z> 

igftaJJieii^ ««ES«Efls:^e>^B#«cJ:9B^fSi 

E»— 05*«ffiK<k »~ (O^Bi4^<h <7)^ic#^n/c 
*«fit»*«i. miE^-<D^Btt^<7)B{k^^^S^ 



(4) 
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mm $nt^gmM <t ««wcsa* $ tL/c-*t<7> 
mis— »^««<75-ffl^^n^ixstr8ERaa^t> u< 

IlmaM^^I J: 9 fcSK ff2/£S*vCi^5 d <t £r#a 

m$}%km<Dmm\z mm i^x^m £ nfc*4\«;&a> ^ * £ 
iKissijiBi«±iwarjisnT«stig*n:?a* 

i4«ta?asiK^e>^5«IE:»J»Jii:, «E»JWJS±tc 
WE««i6triSb*«H:, JKftEftKflrt* 



~ *5 J: O^Z^aM^Httf^] S: @^-f ^SMtt 

fitaSJR^'IS^r (*l«SSBtC>* L 0 . 2 5 — 2 m m CONSIST* 
Ko 

[it*3S 1 8 ] MK— *fC0«ffi<7?liffiHRStt 2 m mJ^T 
*9«*ffi»i3a*S— y Ko 

4rSfJEK«E«fflC(tiwE»$-e:5E&^5/ K<t. ««E 

^—^y Ki:,. K^^^fl:^m^-^^Si-5S^ 
4&aiHlS<!:Sri«^fcB«E»f?*a£B{cio^T, WES 

eta*S—^ K^b?i5wi:S:iBFati-5®«ESS* 
[0 0 0 1] 

Kt-tixS:ffli^««E&|f*3gfiic:«9, # 



£y/>S5*-*^*-xa« >^35SM:C<:3>aa>flS8B 
JH5Ja«a>-« ^fM^a^-f Q r i^$^li 
rasa m :fWr 6 5?a#^^^ui3g:ii9i^iT^ 
3>aG?K8R»IW»5SGs>— g ^-^Otftfei^ (©: 'HI) * 

44+««5?B8^M®3»a ^Msc^graa 

f«^2»a>-*«W5f»Ka»-* [0 I 0 0] 

[6 0 0 0] 

irStfSse 7 z 54-::*«#aac/>-**i^a«ca--|g 

BB*a ^»a.H ^^^^^i^oir [8 0 oo J 
*^%r?a»»i!r»M(ja:a\?*^i >n ^M^a^s^4- 

^@^i«J^:q>ao9Xf^r^^T:i^a^c^H^ "ZM *G 
fifing? B»^iTc^iffl»a5Sa»— c T^^Bt 
^IWWaWa>H«=?jW5*aW 
CD-zm % v$jp»<3^?w*ttifa*^^$v*^ffla> 
?awa«c0zsg?awa»a>-sg ^?gwt^a^ 

^^Y^-iL B Jc^?^a^a)r^?^a^a)-B 
Mwa»a>=^20Tf5F3«^v$3£a5efiaj^:q>a 

Q>Ay 6^J--<= ^ *~\C T9v^0|$»3|-)»^-& €T0 

/.w-92bBfl#tin ?§tf:jra>* >a^¥fflo? 

a^sMaraassorsg *v?3*»^^?»i**wa^ 
v $ v # - i l b j o» ? hi a m u> - % v $ ^ n ^ i«j ^ > a 
% ?iHwa«6a>-a54-^a?5vw^>a6 T^tfaa>*5 



p/^03^)¥^^^^irLH HI^V ^- [Z 0 0 0) 

H*rn^ T)C T<2-o3-V?3»3g^) (9 6 6 I)Z9'd 
*^a>^c?T *G) 5 py/i<cn °£if9#bCM 

V$®2I^t-& OZ*8€frSig±i4*I]*' ^^'^IVT-M 
^v^Hv:n^W^Zh^-^ [9 0 0 0] 

*iBif»a>?wwa«s? (3ar$ta«) ^ig 
flsa»i€>T^*a5^a>«fa:av* k ni?Mi3:i 

^(a^Sf^^ ^ — ^IAlVG3Wrl [9 0 0 0) 

4->^¥^->-^^^L B J^B^^i^o?S(Kf^3a 

^vlXV^^ai^J (5661) 5 0IIt6tI^ 

1 - .h — [H00] 

w) w*W3g»»a*B«f«aa^s^^:=^-«^^ 
s ^i^o>- ^vi^xfswss^^itftrisaa^xrw 

h w vc^w»-»^ nascf iwsaa [eooo] 

usb W oidoj^osiuv) yiAiv^n wii*^*iiK3ft5tKa^ 
f-wai^^iiss^ttwawa [^3Sa>2}£^] 

[2 0 0 0] 



8 T 9 Z 8 2 - 6 2bKI*l? 



(S) 
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[ooi i] #iiz* mizfflmm<o&£ 

mammtz9<Dmjj (m&) &mm\z\&Tirz 0 
y<^y^ y h~<o\tifi\-± % m*mznm®(Dr$m\ztt:mL 

St LX&mtf&Ti-Z* ^oT, t£*<^— K'<>f T 
[0 0 12] KE*JfflJJBco5S*^fc-5S«+^>Sr 

(Br • t) <t % ^ t°y/<yu^ y KKfcJtS^— co^ 

fit, «E»JW«^^«ttJ»^S^«tt«fc^aJBJBI<7)» 

Wi¥tfcwa*fitt (Bs • t) Sr. ^trw^^s/K 
«-*3tt5S-(7?5S«f4JK^iafD«*:^B s irJR'JS t t 

(omnm (Bs ■ t) t^jtt'$bsn<5tt*fc5o - 

y </u ^ if > / X^£-f 5 t Z 5 *b , S£EftJSP 

[0014] c^i: o \z % $£&co^— K/<-r T^^ifco 
^tfw</u^ y K-Cte, -y Ktf)Hi^l*«ESyfflJi<7> 



[0015] ^m<onm\it. ffiffiPflPH^sfc^s^icin 

tfO So 

[0016] 

^BBIffi^ 2 M mZXTXh&Z. t Sr#«<!:i-S«[S[S6tja 
KSrflljBigLfct^T-fcSo 
[0017] ^/c, -t^PJPHHO. 25-1.5Mmit 
Sr t^T#S 0 

[0018] g*tt*ffitt3*i*«r#]fll Lfc«*««:3b* 

[0019] *3gwtt, v^vtmzn 
««ifi^a«a^isiffii(wi»ffiUTieKsnfc«E»j 

coSSKttM <k m^co^il^ t (DffilzW A $ 



(7) 
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[0021] **fHo«««eta*s^y Kicfc^-c. 
[0022] a^stsamKoBtt. -st^iaffi^raia 

[0 0 2 3] — *J-^llffi<^ 9 *>«aMPHS:a^1- 

^^-tn^ixO. 2 5 — 2 m m <7?8Bia^jfiF* 

[0024] Htc, —zKDmmnwfcram* 2 a ra a 

T\ 2 /i m*i». £90.25 — 1 . 5 // m i^S^ 

[0 0 2 5] *«Wco^Sfit2&aS!^y KliW^y 
5o 

[0 0 2 6 ] ( 1 ) ««S:Batti:Eftt5BI«IEe!j| 
Kir, Krt> * 

[0 0 2 7] ( 2 ) «««:««6<)t-IE«-*-5««IE®jBE 

[0 0 2 8] ( 3 ) ffl»-&^±5E^««lfESS*3Sfi 
[0029] ffHELfc#&(w,tn(i, ^WMtDrnttfalr 



[0 0 3 0] 

(7)^*^^]®^^tW^HIT^)5o El 1 tcioV^TH^ffl 
—yK K) l*««Jggt3b*JR 

1 0 / mKfflfflm 1 2 , — *tcoa:ffi 1 4 ^fii^x^ 9 , 
««Hsetja*wi o^bmh 6±*csji$nr^ 

Bffl»2 4^RaBttll 6±lC3««SnTl^. Zix 

"b^Jf Bfr3£<E>« (Bftfgft&SJB(a« 2 6 ) Iw^f 

/ttfc**$«c«ji9is:$ixfc«»-ca[ji$nT^5o as 

-^BMl 8(igiI^Lr, ^iJ^flNi Fe, C 
oF'e. CoNiFe^^tM^n, JKffli 5 n 
m (^^L<[12-15nm) KRS £ nt^ 5 C 
tei*tfJBS2 OKI*, HilfCu^l^JlTJS^ IBS/? 
Ii2nm (£f £ l<lil-5nm) SJlP So M 

-<7>3£BH4JBI2 2. 2 4li^:ix-eixB«JBi: LTfflSIR 
*«J*L-r*3l9, Jg-C03S«t£fll2 2 Cite, MtflC o 
J&*/H^b*L, JRffli 1 nmCHSSntV^o 
«ttK2 4lC|i, HttfNiFeiW^tltfc!), r 

V , Z (Ommn 5 0 n m <ff £ Kli2 0-8 0 nm) 
CS^$ntl^ 0 -tbT*-<OSa«tt«2 2, 2 414 

<7?3*«Ltt« 1 8 I^Il^MM 2 2, 2 4 <7>&ff 
J: <»2-3«o*:#SS:*-r5o 
[0 0 3 1] lEfflf 1 2 14*^^^^ 2 8 <t IZfr 

«e*jwjb 1 2 (4K«igfita*jR 1 0 (omrnxfa t $im 

^«^TW2 8 dr OT^liC o C r P t 

fflv^5>ixT*Df3, iE|6l*J»TifiJ»3 0 i: lOn 
m (Ssl<lj:5-2 0nm) r ^fflt^ixt^ 

5o -tbT«E*J»J«l 2^b«^i--5KI?-(CJ;oT^ 
-^SMJgl 8^*-o«E*-»J8P$ix5 <t 9{w&o 
TV^S 0 fflx 1 2(4®-W5SKt£Wl 8£IJ(£ISI 
CS^tCiSM^tlTfc'? , ^f^lllOnm (»* L 
<tt4-30nra. ct>95 — 15 nmWf Uv) ^fc 

So 



(8) 
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[0032] -ft<om& i 4 atn^nm\K mmm 1 2 
ki 8±twSr«$n-c^5 0 i-£*3*>*mffii 4 it, m 

ffiHR5 3 2 S:«oTS— ^5S«ffiK 1 8 tKESJWJf 1 

«Pb1RB3 2li«*Sfii5a*K^«2 6 J; <9 t#K!£££ 
[0 0 3 3 ] ^t*^</uy^2/ KT'ti, ffi^li^ t°W< 

tcoa»CitCTi-5 0 ^LTJtSfct^ftfiA p^AMR^ 
y Ktdit^T 2flSW±S5v^i: r 5^"b> * fw</uX^ 

a&l-fct-LTSEtc. m?L\i. IT (Wt^9 0° ) H 

fclzmfeLtzt-tZ) t , cos A 9 i*^— <Z)3S«teJtt<75« 
<k^r^tKtf*tl6lffi<!:<75/j:i-^S0 Srfflv^T. cos(0 + 
9 0° ) tt#Itctist#5. -*"fcfc>*>. ft^tlsi 
n0 (C]t0iJ-r^ o Z<Dtz£>. LfcJ^S; 0 ^^fLic*f ITS 
7Bl-£{fc$i£5fcfci;:i;t, mo° f+ieasSx Lv\, £ 

[0 0 3 4] m 2 I*. ^ t 4 y/</^^ 5/ K60R3*«tt« 
1 6^lt, NiOOftt?f3tC % FeMn^, NiMn 

*3Ct5*Hoi5SliBai £EJ«e-C-fc5o KEftlWJf l 2 
[0 0 3 5 1 El 311. * t°>/<yuy— y K<£>fcti*§:ii5< 

B3l:/Wi *-<D»«ttffltl 8, K 
■fb*[^l^H^$ixfc»-^5*«ttl»2 2, 2 4, IE^) 
3 6, 3 8, »-^a«tt«t 1 8 t * - (OSS« 

fc«2 2 torat-if A$jxfc#a«tw*Bt2 ot, »- 

co&«£f£Jg£i 8 irSH<^S*«ttJK3 6 £ ^PfllCffASn 
fc^«tt«(*:l»3 4 i:^ibfl|fieSJxTio9 . »-^5fi« 
612 2, 2 4l^aH4Il6il:gI$^ 
ftjgl 4 0 tt»HOSft«i4IR 3 6, 3 8 ±(w«Ji $ ft 
St4otV^ 0 l-^5*8ffi»18ttg*ii:LT, 
0»Jx_ff. NiFe, CoFe, CoNiFe^^^X 
«J«Sft. JKffliS nmKK^Sft-O^So #«te*f*: 
§2 0, 3 4Klte, 01x.tfC u^SfflV^Jx, ^i?ii2n 
mKK^ftT^So »-0?a«ttfflt2 2, 2 4*5cfcO< 



IZ^)MM3 6, 3 8 12, m^timfcJBk ITS 
ttJg£3 6 Clilg&JxIl'C o^ffll^ft* <!: fctcKfftel n 

fflR3 8 i F e j*Ufl^<bft. <!: fcdlRJSti 

1 nm «ff*L<(i0. 5 — 3 nmXdlSi^SnTl^o 
SMMl 6, 4 0Cij;NiO I CoO?S?ftWF 

eMnS, NiMnl, CrMn^^^^^ft 
iSLfct^A s atfn5 0 ::t«Ml6, 4011 

2 2, 2 4(D9*>^-r*l0>— ^Sr^BS-f S^tt>"C#. 
IH«tC^H03i«ttJK3 6, 3 8^3^^fto-J$: 

[0 0 3 6] Sfc±E#J* KiCio^T, 
*^JK2 8(1. N i F e^^S»)gt'i)>5 
FeMn^, NiMnl, C r M r ^^^O^t^i 

JB(3 OfiT a ft<t*lw«*Ufc^Sv^ttW#bn5o 
8E*J»»l 2 1 0^±ffiJ:l9T(c?K 

/££ft£ 0 

[0 0 3 7] ^^MtwjottS^f^^U^y 
2^«#^SS$Sr^i-fi^-xWT-XJtS:0. 8 k{&< L 

ft 11% ^ ^ c> if v / 4 Xtmffl £ ft T v ^ 5 r i: fc> 
frfto 1 4 60m^Pl3 2^5««jggtja 

m^^^S2 6i9 t.^< t£££H, «^tiSta:a*Wl 0 

X<7?5l**sffli»J$Jx, Ceo— v KS:afitE»ff^36IHr 

[0 0 3-8] HI 5(1. «E*JW*<735S3j&5+#£«^£ 
IT, ftf/W77tfcS: 1.54: LfcWP^*fiL«ffiP B 1B8 
SfcOOUl* (««) t««WSBIi(OB8«S:«*^N— 

1 4 ojgfiKftjR i8^f9 Sg^t 3 4 Ltz* 

2 6S:BfiirePH3 2 + 1 . 0 /x m iLTP-5 0 
[0039] I3 5A*?>, ^ KlCfcHtf, 

^7Kttt*4ot, BffiSIPH3 2^0. 5 tfii 



(9) 
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[0 0 4 0] 12 6 11. *HJ£»IS(CJoJt-5^fv/</uy 

C^^*:/J^JteE^pjgg 4 5 : ^§ o 12 6 TIL #* 

5 m m ilTV^o ^ LT^MBRBtt*^ y Yt t h 

iW^^tlBL. <7 ^ Y=7 y 7 com^^^v Y(D 

[004 i ] H6/1^, *$89i03^ * K^^feti (na 

0. 9 ixmtm.^mX V btrL^^FSfe^o 
[0 0 4 2] -tdT-, K£S£&(D— ;/ 

fcCOiC^j-LT, *5EP^^^y K-CfiO. 9 5 <h#]2fij^ 

i^m^^bnTto ztommfrbh. 

[0 0 4 3] ;LC0J;5(C. ft^-W T^tt^^C^ < , M 

[0 0 4 4] E]7ti, S«HPHtf ; l ^miilfv^lll 

[0 0 4 5] 0 7^?), K<^tb*&**<7>tfcS*<Z>9 
0%W±(c:fto^.^Jc(L t-/<-7^/M0. 2 5 
Mm Wiidi-niift^C t^;b7i>S 0 mil, ««® 

[0 0 4 6] 7 5/ ^4£r^ 9 < 

t. KSv«ta?a*«l 0Wj^ffl!l(cBBt»LTE«$tLTV^ 

* (5-1 Ox^fy KSft) £±05. «t*»giSh 



aK^«^rfiio?jlS!i»**tt»^^«IE:9J»S i 2 1c J; 
[0 0 4 7] El 8 ii«E»J«Jl 1 2frt><nmMtn%)$} 

T^S) ZtSriS^Lfco H8^^3IS!iM*a^tt«l!L 
Sr 1 0^/u^x y K^±{ci-5(^IL tiiKfflfflm l 2 ri> 

cx\ 4<ortftij (itasfflij) <nm>ntiLW.*. 

ffitaja«Rl 0coig^-f^^^gfS{iaicti:-<-c^*i: 

s<—7 ys*&k LTIl. 0.25/im 
[0 0 4 8] [2 9 11. mffifiaiffi* 1. 0 M m b&< Ltt 

[0049] M9^h. Ktcftnfi, 
f<4oTfc, 1 2 < S 

[0 0 5 0] *HJfi?gli(cj:ixtt\ fl;fiiPJR8^i9t< ^ 0 

^<STS:(E6<#|3x.SZ.i:^-e&, iSiU^^^y KSrtiW 

[0 0 5 1] ««S:K«»triS»*JBl<0±lra*-t-5 w t 
tcioT, ««t««ffifita*JRi:^Wlw»«ffitt:S:iS: 
<^"S (ffi* : 1-5 Q, *^1Q)^T) (C-f-SCi: 
^T-#5o <toT— y Y / 4 X^^mtem?&$:V\iz.Z)Z 

[0 0 5 2] *HJ£?igffi(w J:5^y KSrJgJlT^Sg 

^ <b co m a, ft * & sag! -f 5 &m \m ?s * m *. ^ t • 

[0 0 5 3] (HlfigiJ 2 ) [2 1 0 II. *5£W<D— M1&M 
T-foS 0 [2 1 0«c*5V^T?f4fflO«««a:a!p*S^.y K 
IS^yF) il. ^®6tSi^i 0 , «IES(iniJf 3 

3, -ttco'mmz 1 ^«^t^*?. i^MKio 
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[0054] &mm\±. i-^asttR 1 1 , mt&m 

ffig|2 1 fctt, ilLTM^nfcIi:, 
il0^)g (»— <£>S3s«:j4J&l 1, attiffil 9, 

5) 5 1 /^0f5E<7?** $T-fc-5fi?iJx.tf 2. 0 /i m 

ttffil 1 lii^Si: LT. MitfNi M Fe 20 $B^T 

lilt, CT;ttfN i 

80 F e 20» N i 68 F e 17 C o i 5> Co 
6oNi 20 Fe 20 , Co 90 Fe 10 , Col^lS, 

m&-tZ>Z.t fc ^flH4«i*Mti 9ictt, {*]*{* 
CuM^^!) 4 J»J5f*M;Lli 1-4 nmgSO 

1 — 5 nm^^^CO^ii^fifiC^^ixTV^o 
»-£>3£«ttJ« l 3lilfii:Lt, ^l^l^N i 
soF e :o . N i 68 F e n C o IS , Co 60 Ni 2 oFe 2 o, C o 90 
Fe l0 , Cof^^ll, &l>'rix^ o -h<0^-Dfr(D 

So R3S«t£JBl2 ltr(i0lJx.tfC r 45 Mn 45 P t l0 ^ffl 
^btLTio^ . ~ <7)jgJ5 ft: #J;il:£ 3 0 nm&m^tZmZ 

F e 50 M n 50 , M n 
SCirfc-etSo -^r IT, SI«M13W« 

[0 0 5 5 ] E&E&J^Ji 3 3 (1, CT^.tf*^«^ffll<kE 
BE &J»/1 3 3 li««ig«t*»*JK l 0 ^«g^r^i t 

C o 75 C r l0 P t ISf C o 75 C r i0 T a l5 3&j&S/?H * 
T*59, IE|S]»J»TlffilRttWi(iC r^ffl^?>JxTV^ 
5o sifc, «E*J»Ji3 3S:*fiS;-r5*^«^|»i: LT 
tt. ffil:WitfCo 80 P tsoifflv^wittt, * 
fz* C o 75 C r 10 P 1 15> C o 75 C r 10 T a IS , Co 30 
P t :o f^t(CZ r0 2) S i 0 2 , Ta 2 0 5 ?0g?ft 

1 ids*— <DBKic«IWSlxSJ:9»wftoTi^S. * 



-S\ R3S«ttffl!li F e 50 M n 50 , M n 80 I r 20 , N i so 
iVln 50 . Cr 45 Mn, 5 Pt 10 f(7)^^lK$n, 3* 
KttJKiiN iFel, CoFe^, CoNil^M 

54«ttJRt LTN i O, C oOU*ffl^5:HT*f , 

[0 0 5 6] — *fCO«fii 3 1 (2, -ttl-pnaESIffllJB 3 
3±i-S[Ji$nTia9 . #S1S^-«B^S3i«t«tJBl2 l 

<D±> t zmm£h,x^Z) 0 zzx\ &nmk&&«ftmt 

(7)iPl5 3Wijiii0. 5/im '^ISaE $ tlT^So ~t 

T\ ^rlS 3 i mffiP^ 5 2^1.0 u m(;/j:^J: 
ptcffifcn^^b, M»13 3^SM2 1± 
t-aWlSJx-O^o «-*ffi3 1li, gHitfTa,.Au, 

[0 0 5 7] HI 1 1 K3*«+*J» 2 1 t LT ±i£G9^ 
&^>ft^9 tcN i O, CoO^Rftftfefflv^tfy 

y F(Dmffimx&>& 0 mi i \z^i~x « 

affiBi^SJK l 0 £K3S«tt« 2 l <7?aiJi*l6l^EI l 0 

ttemtzv. R3S«tti»2 i <^±*c«««gtja*«i o 
^ s as$ti5o .tor— st<7?iaffi3 1 ii. ttifn^E 

in i o tmmx%>z>« 

[0058] mi 2 11. ^ K^atSSrifir 

mi o<nm&te* ssaatt«2 icojttcm~^^ttK 

1 3, *«ttSW*Bti 7, JB-^»»ttJ»l l, *BStt 
^M2 3, »E.<753S«f4«l 5, S5*«ttJK2 2^3g 

1 lii*JBt UT, H^'Ni 80 Fe 20) .Ni 68 Fe I7 
Co, 5f Co 60 N izoFe^Q, Co 90 Fe to, (Z o 

7 J RtJ ? ^«i4*frW2 3JCI1, W^lfCu^ffl 

S^B^Jfi: LT, OT^LtfCo, Ni 80 F 
e 20. N i 68 F e l7 C o 15 , C o 60 N i 20 F e 20 , C o 

So 22(Z(1. Fe S0 Mn S0 . Mn 80 

I r 2o« Ni 50 Mn 50 , Cr 45 Mn 45 Pt l0 ^^ 
^ N i O, CoO«C0K<t»^b*iS*fc<OdiiatflX 
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[0 0 5 9 ] 010 -12 1 3 <Dmi&mWIB<DtiLfBiRU& 
ZteMl&m l tl*)«<7)B8fil tot'fc-5 0 
[0 0 6 0] eat, ^$£W<n*\i 0 >s</\sy'^y y<o—&\ 

9o 114 HH] 1 0 Kt (2 1 3 

tMRg4 1, fflTa|4 2, S A L 4 3 Lfc 

1, SfcttMRJR4 1 ±i-aJl $nTV^ -5 SB^^fi 5 3 
(KE©J«BlJi3 3^>b*fl|ffi3 l <7?i»g|5*-ccoSE8t 

^ U/Co H^f^f^ 5 2 11 1 . 0 n m — £t L, /< — 

<S5 1 fc(RlB#(cffifkSiJrfCo (2 1 4Jc^-r < fc9i-Jt»0? 
(2 1 3 03AMR — y K<Z>*g\ ^"-^-7^/15 3^ 

*58M(7)^fy/<yl/^y K<??*&, 2t-— 9* 

K-eaj^3^ss< &£<t>h. 3^ 

5><7?ttS*<0*S:Si9tbLTi^fci?)T-fc5« — AM 

t^3#»(::J:oTV^o ±ot, **91<Z5;* fcT>v</u 
KKite, &m®3 l<7?— BBS:S5S«t4JK2 1^ 
±^Bj&-tZ>Z tdcfcoTttWSrBK t^5 . # 

*tf>SSS#*> 5 ^ t #;ba»o f Co 

[0 0 6 1] &(;:, t-/<-7yyt5 3^Sigfit^* 
tbfc 0 mi 4^b, **W<0-^y KKioi^T, — V K<7) 

*7§L5 3 £0. 2 5 m m J^±l:ii-*U:£&1 N - t fct>fr 

&®^3 1 <z>3te«ffl!*5««tt. fc&tfc 

m £A±rt«!Hc/jr5 J; 7(cg£g-r-5 ^ bfcW.zi bv\ — 



«3 3^Sb*^®«fflS-C«XL4</j!5 0 -Tfcfc*,* 

-YX*4aRiw?i!?t#5a»tt*«S3 1 *>3fc«B{fBI<aiB»B 
Mt'^Oo end, - ~ ^^l:Ltl'fffL(:J:5^ r 

1 0x^r-> KS«) £±0 3, «*«Si3ftft« 1 0 
<oB^^l^HS&W*^tt»*^. KE*H»Ji3 3*c±o 
tl-^SMi l CWaoSJxT^S:: t^SSL 
Ell 5(1, t-A-7 7 yf 53^ «ffi«a^*3 

<om&&^-t@ftmx&& 0 mi sfrh-m&ffimtLmxtn 
nzmmjj&m^i: i o^^^^y K«jbi:: -*-£«;:(*, 

^_^<__^ y -/g 5 3 ^ 2 M mJL^TICi-a t fil^ t 355 

fia«ffigiS&*!Ki 0(o«tii^-^(7)^^5:aiwit^<T, £S 

7 7/f5 3 <t LTIl, 0. 2 5 /i m EJL±T-2 
[0 0 6 2] (21 6(1, K(w*5^T\ 

(i M m) &>itv<D\titi % i~iit>hmmtmffl&fsit<n 

Ki^io^Tfl, #«fii3 1 ^K3S«ttffll2 1 $rS9«t@ 
I^Lfct-^-^^/is 3^0.5/zm tU « 
migl/i^mM^^ 5 1 $r^F0^Ri 5 2 C 1 . 0 /i m 
^.fcfEt LT^5o 0 16^55, **^<75^y K(Cj;4x 

[0 0 6 3] ^m<D^ti 0 >y<^y^y K"C(1. 

s^tt^2 1 <^-^(c^-m^3 l^aisnti^: 

$rli^-r^C tiaoT, &&<D^ : y K <k httt t /Co @ 

«Pb1PH(1, i: t^tC 1 . 0 m mi Lrc 0 &i6 N 

7^ «tt(4, «*IE»«#±(C h7**«0,2/*me 

fS-S-S:^ y K^TT»iS-it5r tic J;or*^^>ix 
^>o =7 7^15 3 S:0. 5 fj, m t 

friz C-^(i/h$v^r. t d5fc^-5 0 — S", fiejS^-^y K"C 
h9y^B(10. 9 t «ffiR8(HJ; 9 b O 

^ICKLT, *J»h9y^«^«*^LTtt:ttLfctC 
5, tt*^^^ K^SmttB^ttO. 7 8 T-foo<:co(c 
»UT, **W<0^y K(10. 9 5 t«J2WSSl^*35S 
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tWfilxfcS d £ #;bd>-5 0 

[0 0 6 4] -co^lc, ««BBIH^$fc< /iofc»^T- 

S^yKSrffl^iiH «»IESf?££B<0»»fES: 

XEM^it^C^X^So 
[0 0 6 5] (Hi 7li, SffiBgRSSrl. 0 M m £ #K L 

X, '&&<D^y K<kJt«Lfc^Lfc«l2]T*fe5o il 7 
t-^i-ct 5/ KlCfcixlS, KESUfflUf 3 3 

S4Klo)RJMf &'>i < 1 5 : t ^ t-f , *fc««J5 
il^M^li^ XibfE $ -fr 5 w i: ^ X £ 5 o 
[ 0 0 6 6 1 El 1 8 (i. *3891t::*5t't-5;* tV/</u^ 
* KSrffl^XS^fS-S-*»J^i-Slc8RLX, S^7 
^it£0.8 <t(S< LXSJ^LfcSmSr^-TSElxfe 
5 0 -cost, fW3— <75*#X«e*<0^; t°://</uX— y K£r 
$J£Lfc£ * S£2fcco— y KXte^/u^/^i? 

SlSfixtv^ct^b^o rtitt. &BS3 l cofiijfig 
5 2 ^&^«ftaJP:J&<73tI 5 1 J; 1 ? fcjfe< ^^^n, e 

>/^fX^t^< Xfc«Ftrfc*!>X-fc3 0 ZCOtzib, 
S£E$Wif 3 2^&$tf5+#xfc^4§-&i;:<b > /^u^/n 

^■tf>y^x<75iB^^»*j$4x, z<D^y b^m^i^m 

[0 0 6 7] tt*S:««SgiS6*|R^i:(ca[jai--5 c £ 
<-TS (ffi* : 1-5Q, *38Wi QE*T) l:t^:<h 
£^X#5 0 

[0 0 6 8] (^16 3)019 (iHJS^J 1 RTf 2 tcE 

* 6 5 8rfSoX*S!? . x ^ * ^ EteWl 6 4 Kfi— tfc 
fci^USSttS: (*H16WT-tt~tS:) 4 oasgfr 

^PflBx-K9f+*te>nx^^o i:ot^f^^40 
l*r -r * * sett 64i:tt ('-*<t 4 o XEME1- S c 
7*4*2 4 Olij^S<^4 £ e£J?*£#ofcP3«X. r^jffi 



(3*4\«^EKi4 ? ?BriE $ tiX Jo 9 tWIR^fE^ffi i4oTt> 
5 0 *3£fiii£fc. f>f^^ 4 O^^fpjjic— y Kcofig 
*i6ffl[£]|S|i6 2 £ cn£ffi»£it5^*=-f ✓I'*-— 
^6 3SrfiFoXiof9. — *;/ K^aHSt*ffi[lHci46 2 (c 
ii^ficOT^ir^T — A 6 1 #&9ft-l7?jJxX*5 9. 

— A6 l ^stc:(iSESH^ffl^.> K (W 
> K<fclE1-) 6 0^6 9Wt5>nt^S o iot«- 

- y K6 Oia, — y KOffiB^i6ffllHl|ctti6 2 ^gff^fl 

K6 0te, 7*4*9 4 0^i^igX[H]S^5B#lC^i:5r? 
7^£, T^ir^Z-A 6 l <7>— fflS£«/£t-£#tt<£X-fc 
5 y ^</K7)Jf tttit » 1 0/<7 y ^ J; o t , =f 4 * 

9 4 0affi>&^»+nmS«^SEBt(^«ft$nx^-5o 
* tf> KVu^e — ^ 6 5 t^^a>f^-^ 6 3 (fclixN 

- Kr-V ^ =^>Fn-76 6iw^n^n^$nxio 

[0 0 6 9] EI 2 Ott*3B9l<ZVN- Kx^^^^gi^^ 

v^fc-r >y?^4 ym<Dm^^y KBfffiEixfc^^, ^ 

K(i±ffl->— /u KJBt 1 8 6dr, -t<75±twfi-» 
1 8 St^/^So *«ttlft»fls:i 8 

8 8$:Stt^ 0 JWlj:x7'-<7i)>^I (AB 
S) ^ttc^7^y«:^ot^D, mil^^^ 

[0 0 7 0] SPJKB^-^ u/ K(i±6B«t4JK 185, T^U 
^tt^l 8 41Z£ 9th&Z>s<y? • ^r>^Xl 90^t 
i"5o • ^r>^Xl 9 0liy>^E-r^=i-f/H 8 7 

[0 0 7 1] 51«SLXV^3>r/H 8 7{i0iJx.{i*^o^ 
CJ:9TMffll 8 4£^±t-^ofc^iC^oXfc'?, 
Cix^(Ome^-T^ 0 8 7li|ftS«:i 8 9X 

mm^yv\E}& (ei^bs) ic«a$nxi^o 

[0 0 7 2] **K(C*3t>Xli, OJBX*f^<bnfc=3 
-f/H 8 7^v ^SA/fctSHJg«rLXJo!9. ^(7?®r® 

[0 0 7 3] L^LIgRf n^/Hj:/< 7 ^ . ^t^/l 

9 0 irl^t^/i 8 8 i:<7)Baxit»WSl(c#a*A 
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[0074] m<omt^m^~\z^tsmm^^^ 

[0 0 7 6] ^HJfiWTtt. -f ^WJ- 4 ^S^ES-^ 

[0 0 7 7] Ni M i: 16.7g/l, Fe ++ |:2. 

&^Ayfc^o#fS{Ciot^T. pH: 3.0 , £>o£H^ 
: 1 5 mA/cra 2 CO^f^-e^ L/tJi • 

* 5o ^ ^«t£J»<Z>ffljSl* 4 2 . 4 N i - F e (fifi%) 
■e*>9, «*»ttttlSft«X*« (B s ) AS1.64T, 

aatttffta* (h^) ^o.soe r-Jtset (p) i*4 

K/B£rafcfefcTSB»« = T8 4, =>f /H 8 7 T*fc'5 0 
lf^^yh^^a^S^S®^8 6, BttetfitaSyftM 

Wit 1 0 0-5 0 0At49, HMttefSffl;;^ 1 . 0 O 
[0 0 7 8] w^J: 5*«fiS:TI¥fflfiLfc*3gW*zJ;-5E 
4 0MH z W±^ffi^®^t)- 5 0 d Blg^ 

[oo7 9] H2 \\^mPi(04iyy^=r4^fm%zm^ 

^>«4tB««:l2T-fc5o — > K^7^^f^^.lftl 5 
0±l:TB->-^Kl 8 2, »«ffijfc»j*fflt l 10, i 
EWK14 1, iW^i4 0^t«M^^Ki: 
T£i5B£t£jg|l 8 4 *3,t^±a«f4« 1 8 T 

SB>— /u K*TeB3TJcfi«^dS«4-f5>f i/tftT-^ 
[0 0 8 0] 02 2liftJE;*9>f ^cOj&«0T*>5 o A 



EE^v-f ^i 7 on, sawAffii 7 1 tmm?>$:&± 

~ o(7)IEjE3g£E 1 7 7, 1 7 7 /: KfflSnfcflJE 
M178^L, ^1:^1X117 910^1 
o<OiE£E3g£S 1 7 7, 1 7 7 ir;ft/£3g£® l 7 8 i: <D 
*#tC:fc^T:£BE3§£ffi 1 7 8<t»)ai^#^i|l 7 
4 t^bW/SSixS. 4*5, 3S*SKfcBiBi 7 5Jc«i«« 

0 2 4 «c^i-aiiS«itoESS^»KM^SPK«tt^ y 

[0 0 8 1] ^JE^^-T^l 7 0<7?r?±l*(::*5^TI*, 
S^Ail 7 9^"baJA$nfc^«l±A/E«^ffi 1 7 
8 T?BK3SSn5^, -t^RUcfKl 7 4 (cifii^9 2*^SE 
tlhftbft&fzib. fill 7 4<75rta("rtffift«ASl 7 

So L/c^oT. ^JE^.^^^1 7 0<Dr¥±B$K:gg« + 
(^?StoK/5^^AS 1 7 1 7^<b>gA£n7t<t L 
Tfcfit 1 7 4<0rtSB^a|A£n, «17 4rt^^ 
TtittHZXiXnisfaZH. 35«tSttfcBH3 1 7 8 «fc ^Jlff* 
7^yi7 0w^»[B$n5:ti:4So Sfc;ftEE;* 
7^^17 0^r¥±«p(cttf*4rtSB(w(i«-(r^<^atix 

[0 0 8 2] 0 2 3iw*«^co— fiaj-efc^^m^w^^ 
ix5>^0T*(i, f^J— <^H]tett«w5ttoa«7 i '-f ^^SrS 

[0083] &mnmz£ti&ni%mtimmzzi\^x 

^ilfl 5MB/^±, IESJSifift4 5MHzK±, 
M^T* 4 0 Orpm JL^Ji^^— ^ ro^5^$Ei^, T 9 

*HT3Gb/i n 2 6i-ht60K«7 !f ^^^3SaM# 

[oo84] 024 KiiiE^tt^Eas^asafr^a 

^ ^ 5 ft v i: lie 9 S -e t> * < . tz tb m^m 4« 
[0 0 8 5] ^ 
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[0 0 8 6] **^trj:5^3/ KS:K5e[f?£3£« 

Bio 

«/&0o 

[0 3] Ht£0i] 1 **9!<Z>3&H0)* t w y/<yuy^- 7 
112 4] j£5£W<D* \f>^<^y^ y Yh&$£<0* fw< 
[0 5] *«W^)^tfy/</u^y Kt«e*<7?^tf>^< 

io 

[0 6] «i^^t°y/</uy^7 K t^^(D^\f^y< 

[0 7] *389Ke>;* fy/W^ ^ KCfcitS^- 
[0 8] *3BMco^ trw</uX^y Kic*3Jt-5iKE*JW 
i 0 

[0 9] ^&*R<D^\?lss<j\>~?^y K<k -Xtf:^ 

[0io] HJS^iJ 2 t e y/<^y/s K<e>«jbS; 

io 

[0ii] njs#ij2 tc^-r^ t°v/</uy— y K^wja 



0 O 

[012] Hl£0»]2(C^i-^fw</uX^3/ K<0«j5£ 

io 

[0 13] 3ll60*l2C^i-AMR^s/ K<7>«/£E] 0 
[014] *S9§iffi*fi0AMR^;y K<£>aj2j 

[0 15] *5g^<^^ f >-^yuX^ y KJ^iotT^H^S 

[0 16] *3g^co^. fy/vu^-y K<5rtS*o^t°y 

[0 17] fcftW<DX¥lss</i>7'^*y KirSESSco^ t°> 

[018] *38K<^^ f^^uy^s/ K «!: f> 
[0 19] KtV ^^^g^St»&0o 

[020] *ftm^&%4^y?T4 7mmizum^y 

[02 1] *«?Slr6F^-Y y / ^ f >f ya««ES^ y 
K(75^#4«0o 

[02 2] *«iqi^^^EE^7-f y-O^4W0o 
[02 3] **93t::«5B«-r ^ ^^^K^^0 O 

[02 4] ^WBW^sst^^t i^^gl^a.ta 

1 0-K«Sgta«J». 11, 1 8-»— £>5fi«ttJR, 
12, 3 3-lE»I, 1 3, 2 2, 2 4 

14, 3 1-tffi, 1 5, 3 6, 3 8-15^ 
3£BH4ffl!, 1 6, 2 1, 2 2, 4 1 
7, 1 9, 2 0, 2 3, 3 4-}m&m»m. 2 6, 5 
1 ■•-«««gt&SJR<?«, 2 3 0---S! 

r6l*J»Tift)R, 3 2, 5 2-"!BJ£RgfiB. 1 4 2,1 8 7- 
="f/K 1 8 3, 1 8 5-1»M, 18 4-TSWK 

18 8- : -B«*fy 
7\ 18 9-5lWtt«»*, i9 0-/<^.^ y 
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